Solar hydrogen production by coupling pressurized high temperature electrolyser with concentrated solar tower technology is studied. As the high temperature electrolyser needs constant temperature operation conditions, the focus is made on the molten salt solar tower due to its high storage capacity. Flow sheet has been elaborated and simulations have been carried out with the software Aspen Plus 8.4 for MW scaled-up hydrogen production plants. The solar part has been laid out with the software HFLCAL. Two different scenarios have been considered: the first one concerns the production of 400 kg/d hydrogen corresponding to a mobility scenario. The second scenario deals with the production of 4000 kg/d hydrogen for an industrial use. The process has been analyzed from a thermodynamic point of view by calculating the overall process efficiency. Taking into account the storage and a steam to hydrogen conversion of 50%, the process efficiency was calculated at 14% and the solar efficiency at 59.2%.
Presentation of the technology
In the frame of the FCH-JU project SOPHIA, a pressurized high temperature electrolyser is developed for coupling with concentrated solar energy. The total energy demand of the electrolyser unit consists indeed of electricity and heat which can be both generated by solar concentrating energy systems. The combination of hydrogen production by high temperature electrolysis and concentrated solar thermal energy is very attractive since this will create a symbiosis with much profit for both technologies. The solar tower technology is a large scale technology which utilizes many large, computer controlled, sun-tracking mirrors, so called heliostats, to focus sunlight on a receiver at the top of a tower. This receiver transforms the solar radiation into heat. A heat transfer fluid heated in the receiver absorbs indeed the highly concentrated radiation reflected by the heliostats and converts it into thermal energy. This heat can be coupled to any heat driven process, i.e. for electricity generation or for driving chemical reactions. This technology enables operation at high temperature level and provides heat storage capacities. Solar towers typically stand about 75-150 m height [1] . These plants are best suited for utility-scale applications in the 10 to 200 MWe range [2] . This technology has high net solar to electrical efficiency and is commercially proven. Being given the boundary conditions of the pressurized high temperature electrolyser which needs constant heat operation conditions, the focus is made in this study on the molten salt solar tower technology which uses molten salts as heat transfer fluid and long-term molten salt thermal storage system. The high temperature electrolyser operates at 750°C and 15 bar. A steam to hydrogen conversion of 50% is assumed.
Results
Integration scheme of pressurized high temperature electrolyser with the solar molten salt tower has been identified and flow charts have been defined for a large-scale system. The process efficiency (related to the thermoelectrical part of the process excluding the solar part) was then calculated regarding the following formula:
With: Qreceiver = solar heat feeding to the process Σw = sum of the power of the electrical heaters, pumps…
With the made assumptions, the process efficiency is about 14%. The solar part of the process consisting in heliostat field, tower and solar receiver was dimensioned and optimized for the molten salt solar tower for a plant located in Almeria, Spain. Storage is implemented in order to keep hot the high temperature electrolyser night and day.
The annual average solar efficiency hs is defined as the net thermal power Pth (i.e. including its thermal and optical losses) that can be used for heating the fluids in the receiver and for the chemical reaction divided by the theoretical maximum of solar radiation impinging on the mirror surfaces (Amirror): Figure 1 shows the disposition of heliostat filed in the case of an annual average daily production of 400 kg/d hydrogen.
Conclusion
The solar tower technology working with molten salt as fluid enable to provide the high temperature electrolyser with stable conditions thanks to long-term thermal molten salt storage system that is normally integrated in these kinds of plants. The process efficiency is calculated at 14% and the solar efficiency at 56.8% to 59.2% depending of the scale of the hydrogen production plant.
